We discuss a topic on the role of computer graphics in the production of documentaries, which is often ignored in favor of other topics. Typically, except for some rare occasions, documentary producers and computer scientists or digital artists that do computer graphics are relatively far apart in their domains and rarely intercommunicate to have a joint production; yet it happens, and perhaps more so in the present and the future.
Introduction
There are several different types of computer graphics (CG) techniques used in the modern documentary production, such as computer-generated 2D and 3D images (CGI), computer animation, and even "manipulation" of the data generated by the computer, which is also called computerhuman interaction (Wikipedia, 2009b; Wikipedia, 2009c) . Computer graphics has been widely used in physics, biology, video game industry, education, and military matters. It has also been used in advertising, music video, motion picture, and television such as international network promos for CBC, e.g. shown in Figure 1 (Carlson, 2003; Wikipedia, 2009d) . In the past, computer graphics seemed only to be associated with big budget production; therefore, the production, such as most of documentary film done in low budget were rarely applied these new techniques in their production. However, in recent years, more and more documentary films started to introduce computer generated 2D and 3D images in a partially or fully animated film.
No matter a hand-drawn animated documentary or computer-generated animated documentary, they have certain aspects in common -they are "broadcast" to the audience. However, the interactivity between human and computer generated images is a particular special characteristic related to computer technology. Thus, there is "interactive documentary" -a brand new genre, which has various forms, such as 3D and web-based, where the audience can participate in one way or another to as what is happening in the documentary. 
Animation, Realism, and the Truth-Value
"Truth-value" and "film realism" are two often opposing topics debated in academic discussion since 1990s (Rowley, 2005) . Some filmmakers try to enhance the realism of a film because some of the scenes in it are not "real". Some other filmmakers say that there is no perfect truth in documentary film because as soon as the film has been edited, some of the truth has been hidden and is a subject to the opinion of the maker. For some hybrid documentary films, some scenes have to be reconstructed. Do the reconstructed scenes still have the truth value? Compared to traditional documentary film, the scene in an animated documentary does not "exist" at all. It is neither a live-action camera footage nor a photograph, but is created by artists based on the real world objects or based completely on their imagination. How much truth-value will remain in an animated documentary film after reconstruction? Does it exist there at all? We always talk about how to make a film more realistic and increase its realism in order to make the "faked" scene look more believable. Obviously, for such a film, the truth-value is not comparable with the one that contains real footage and photographs. Computer animation has a lot of similarities when compared to the traditional animation. However, it is more advanced than the traditional one and more and more adopted by the current film industry because of its efficiency, accuracy, lower cost, and more advanced rendering effects, which can enhance the realism of a film more than traditional one does. Even though computer graphics has been playing a significant role in formulating new aesthetic grounds for both fiction and non fiction film, will this kind of film abandon the most important concept, "truth-value", which is precious in documentary film? How this new type of documentary film will affect the older audience and new generation audience? How much could they believe CGI documentaries? Through the discussion about this and other topics, we will reach to a conclusion at the end in that regard.
"Realism is not what animation is best at, instead, freer invention, fantasy, and exaggerating reality are its privilege. The realer-than-real environment follows the concept of hyper realism, which offers a completely artificial environment as a representation of the real." (Wells, 1998) Rowley in (Rowley, 2005) talks about the quest of traditional animated film (hand-drawn style) for a particular kind of realism in order to succeed in feature film making, such as "visual realism", "aural realism", "realism of motion", "narrative and character realism", and "social realism". We find these concepts are quite applicable to our discussion topic, "computer animated graphics and the realism of documentary film". We borrow these terms for completely different perspective of analysis in "computer animated documentary" instead of "tradition animation in feature film" discussion in Rowley's article. We only talk about some of these concepts which have a direct relationship with our work and mention others for completeness in Section 2.1.
As shown, the biggest challenge for most of the documentary filmmakers is to capture truth.
Moreover, it is a difficult task for them to make a film when there is a shortage of footage. There are various solutions to fill in the gaps, such as scene reconstruction, photographs, texts according to historical events, and the needs from artists and the makers. Some artists decide to use the photos to represent the past, such as American filmmaker Ken Burns who uses the "photographing of liveaction material" (Wikipedia, 2009e) . Some use either traditional animation or computer graphics, or both to reconstruct the scenes because they feel it is more vivid and can make their scenes closer to the truth compared to photos. Sinking of the Lusitania (1918) (Ronquillo, 2009) . It used animation to portray the 1915 "sinking of RMS Lusitania after it was struck by two torpedoes fired from a German U-boat" (Wikipedia, 2009f) . Quite obviously, there was no live-action footage was recorded when the event occurred.
Traditional Animation and Computer Animation in Documentaries
The animation used in this silent documentary film for things such as the underwater fish swimming and the explosion and sinking of Lusitania, some of which shown in Figure 2 . The explaining texts were throughout the film between the animated scenes. This is very traditional story telling in silent film. The only difference is the animated scene replaced the live-action footage. Animation has been used in other educational and social guidance documentary as films, such as The Einstein
Theory of Relativity (1923) . The purpose to use animation in earlier times is because of the need to be able to illustrate abstract concepts in mainly live-action examples of these genres (DelGaudio, 1997; Robinson, 2004) . In traditional animation, inbetweening, cell animation (Thomas and Johnston, 1984) , and rotoscoping (Unascribed, 2006) have been later introduced by Disney in order to be efficient when working with many single-frame images. However, these old techniques required artists to illustrate thousands of pictures to be filmed when close to the end of the production process.
With the appearance and rapid development of computer hardware and software, traditional animation techniques, such as above, have been slowly replaced by computer generated graphics and animation. The techniques of key-framing, morphing, and motion capture (Hodgkins and O'Brien, 1999) have been widely used. This is the type of animation we are focusing in this work as well as the use of CG in other areas for documentary production.
Since Walking with Dinosaurs (1999), a six-part documentary series produced by the BBC in 1999 (Wilks, 1999) Moreover, computer generated graphics and special effects can portray the facts, and even more advanced than reality, and something called augmented reality (AR) (Chastine and Zhu, 2008; Cawood and Fiala, 2008; EDUCAUSE Learning Initiative (ELI), 2005) . It can illustrate very serious and heavy topics with a humorous connotation in order to attract the audience's attention.
Of course, the visual effects and animation is only one aspect or role of the vast computer graphics topic. Obviously, it weights more than traditional animation for documentary film production.
Interaction
Interactivity is another important element of the emerging documentary film production, in which other broadcast media cannot not compete with. The interactivity of the new genre of documentary film enables the audience to make the decision on what will be going on in the film. They could participate on what should be included in the documentary film and in which order. Today, mass media can be easily used for documentary production with video clips shot by virtually anyone, uploaded to Youtube or similar services. Some documentary-specific online projects allow user control and interactive documentary making from either pre-compiled scenes or video clips or usergenerated video content on a particular topic (e.g. weddings, city streets, etc.).
Summary
Thus, how does computer graphics (CG) contribute to the documentary genre and what is its overall role? We will summarize the recent research results and examples in the following aspects:
• Animation We mention the tools point, such as Maya, Blender, 3DS Max, XSI (Autodesk, 2010b; Blender Foundation, 2010; Autodesk, 2010a; Softimage and Autodesk, 2010) and others, but we do not go into the details of those tools in this work and leaving it to explore in our future work.
We will also have a closer look at some of the following documentary films featuring computer graphics techniques to a various degree that feature CG-based animation and interaction: Super Size
Me ( We analyze the impact of the computer graphics on the present-day documentaries in the two major sub-classes and project the future of the documentary films and TV production, as well as potential cognitive pattern-recognition-based interactivity with the documentary scenery might look like in the not-very-distant future as the professor's responsive hologram in "I, Robot" (Noel, 2004 ) motion picture.
Computer Animated Documentary

CGI and Realism of Documentary
"There is no pre-existing reality, no pro-filmic event captured in its occurrence, an animated film exists only when it is projected. With no any existence in the world of actuality, the animated film like the partially dramatized documentary, rely on a kind of artistic re-enactment, depending, in part, on imaginative rendering as a compensation for the camera's non-presence at the event." (DelGaudio, 1997)
Several types of realism might be identified (Rowley, 2005) in the following paragraphs extended from Section 1. We not only explain their concepts, but also look at computer graphics role on how enhance theses realism, and which realism types are applicable for our study.
Visual Realism (Rowley, 2005) evaluates the extent to which the animated environment and characters are understood by the audience compared to the ones from the actual physical world.
Dimensionality and the level of detail (LOD) are two main aspects of visual realism. Dimensionality refers to the extent that an illusion of depth is created, whereas LOD describes the extent to which the background depicts complex particularities of the environment. 3D modeling software, e.g.
Maya (Autodesk, 2010b) , can not only provide the advance modeling tools for shaping the objects, but also supply the advanced rendering techniques for artist to build the very realistic environment with vivid texture and lighting. Moreover, even an individual without any drawing skills, can us most of the current 3D modeling software (Autodesk, 2010b) to model the objects, characters, and landscapes (Rowley, 2005) .
The visual realism type is the most applicable from the CG point of view in our study as this depicting complex particularities of the environment. The visual realism type is the most applicable from the CG point of view in our study as this is where it impacts and impresses the audience most.
Aural Realism (Rowley, 2005 ) is similar to the visual realism in the previous paragraph but at the sound level. It is an important aspect of the realism to enhance the documentary film perception by the audience (e.g. as in Little Voices of real children recorded), and nowadays a lot of it is also computer-generated, but it is outside of the scope of this work; we mention it for completeness.
Realism of Motion (Rowley, 2005) contrasts the extent to the characters moves and motion in artificial environment and physical world and laws of physics. Traditional animation relies on persistence of vision and refers to a series motion illusions resulting from the display of static images in rapid-shown succession. Artists have to use not only their drawing skills and intuition, but also posses some knowledge of physics to make the objects behave as if they are in the real world or close. The motion of the virtual objects will not convince audiences if no natural laws of physics are applied. Moreover, drawing the virtual objects move from one frame to another frame is an in-efficient way without functionality provided by software. However, one of the computer techniques, motion capture is very efficient and accurate to describe virtual objects motion. It attaches sensors on actors bodies and records the data for their movements and apply these data to a computer generated characters. This technique increases the realism of motion dramatically (Rowley, 2005) .
Additionally, some physics engines combined with computer graphics rendering techniques, e.g.
softbody simulation (Song, 2007; Song and Grogono, 2008; Song and Grogono, 2009a) , contribute a lot in this realism type by tweaking physical simulation parameters of the laws, such as gravity, material properties, inertia, one can produce interesting visual motion outcomes to make a point in a film.
Narrative and Character Realism (Rowley, 2005) attempts to make audience believe the fictitious events and characters of the animated film actually exist. For example, in order to portray the animated character vividly, artists use the squash-and-stretch method exaggerated for soft parts of the character in traditional animation techniques (Rowley, 2005) . However, it is a very time consuming procedure. Today's computer graphics software often provide a group of functionality and library, such as hair, skin, clothes animation, skeleton animation in order to simplify artists' work and achieve more realistic results (Rowley, 2005) .
Social Realism (Rowley, 2005) makes audience believe that the event take place in the fictitious animated world is as complex and diverse as the real world. This concept applies both on traditional animation and computer animation. In order to achieve social realism, artists not only rely on other visual, character, motion realism, but also count on the writing of the documentary production (Rowley, 2005) .
Psychological Realism was first time brought up by Chris Landreth, the director of animated short documentary. It does not consider the physical based motion as the priority, nor use some techniques, such as rotoscoping and motion capture. Instead, it uses an original, personal, hand animated three-dimensional world which Landreth calls "psychological realism". Using a technique called psychological realism, the movie shows the emotions of the characters in a way never seen before.
Types of Visual Effects and Animation in Documentaries
Christian Darkin (Darkin, 2009 ) categorized the types of computer graphics and the corresponding techniques used in documentary film as following in several categories that we recite below to complement our study.
Explanation Graphics according to Darkin (Darkin, 2009) (Darkin, 2009) .
Animation for Color Shots -is a general CG mechanism that is applicable an relevant to many types of documentary film production, especially if at some point there is more narration material than footage (Darkin, 2009 ). Darkin further gives good examples of such color shots, such as a 20-second 3D animation where the virtual camera rushes through a bloodstream of a patient and blood cells and others "fly" past can easily be used in many medical-related documentaries 13 and be "on topic" and not boring. Similarly, in the crime-related documentary, one can animate a "fly-through" a CG-generated building where the crime happened while narration is running and prior to when the real footage begins (Darkin, 2009 ).
Visual Effects Reconstructions as opposed to the explanation graphics, are required in the absence of footage for the most prominent and necessary events to portray in the documentary film that could not have been possibly shot, physically inaccessible (the scale of cellular biology or the Universe), or too far in the past, e.g. the assault on Baghdad, dinosaurs, an assassination, the Big Bang, or if needed to show the fat molecules getting from a burger to one's thighs, the 3D animated CG reconstruction can greatly help to portray such events in a documentary film (Darkin, 2009 ).
Text and Title Animation is commonly employed to bring up documentary titles, scene announcements, some short on-screen paragraphs or questions raised by the maker, and subtitles.
An introduction to the film, its topics, and ideas are good candidates for this type of animation in order to set the tone the documentary film is to proceed with. Some of the Motion Graphics techniques mentioned earlier can be very well applied to text as well here as the CG techniques are typically common across the board, except the text animation is optional and can be just a still (Darkin, 2009 ).
Examples of Computer Animated Mock Documentaries
Super Size Me (2004) by (Spurlock, 2004 ) is a small budget documentary film, produced by an independent filmmaker Morgan Spurlock. In this film, he did a test on himself that he had to only eat McDonalds three meals a day for 30 days (Spurlock, 2004) . The film is very fast pace and full of sense of humor. It is "in-between" animated documentary, which contains partially animated graphics and scenes according to our classification on animated documentary film. It combines computer generated graphs, charts, and animation, with the tune in humor, which is the best way to get an audience interested in topics.
The simple graphics captured from the film show in Figure 3(a) , is 100 times more visually vivid for audience to understand the information about how fast food would cause a 10 year old and a 14 year old girl to gain so much weight. Another example of animation used in this film shown in Figure 3 (b) exaggerates how McDonalds make the chicken nuggets from "unusually large breast chicken". and an art piece for the audience that not only engaging, but also preserving the charm, integrity, and energy of the original art work of the children in their 3D animated counterparts (Carrillo, 2003) . Following the creation of this hybrid documentary film, Carrillo further created an educational game for displaced children, with the same title Little Voices while he was staying during his residency at the Banff New Media Institute (BNMI). In Figure 4 are examples of a drawing, then a 3D-redone scene, and the photograph of two children participants.
"There is a certain poignancy in the Little Voices project, that can be found in the intimate self-portraits drawn by the young people of Bogota recontextualized into a largescale animated world that is both compelling and deeply disturbing," says BNMI director Susan Kennard. "Carrillo draws our attention to this juxtaposition through a represen- times (Chen, 2005) . While the rendering of the CGI scenes in Ryan is non-photorealistic (Coleman and Singh, 2004) , the 3D characters and the virtual environment are very detailed and make an impression of being very realistic despite the fact that this documentary was created not with the use of rotoscoping or motion capture techniques presented earlier, but rather by using a 3D modeling software (Autodesk, 2010b) with some extra modifications and plug-ins to enable the non-photorealistic rendering and mixed perspective and non-linear projection (Coleman and Singh, 2004 ). Scholars classify this as an autobiographical documentary, but non-traditional, because the whole film, even the interviews were turned 100% into 3D computer graphics scenes instead of being filmed by a live-action camera (Chen, 2005) . Director of this film, Chris Landreth, says that after he learned Ryan Larkin's story:
"There's a lot wrapped up in that, as far as a great story to tell, and I wanted to tell that in a way that was as powerful as possible. Making an animation out of a documentary was the best way, in my opinion, to do that." (Chen, 2005) Examples of the the Ryan's CG screenshots are in Figure 6 . In this documentary Israeli director Ari Folman attempts to reconstruct his missing memories from his time as a soldier in the 1982 Lebanon War by using the animation. The techniques used in the film can be confused with the rotoscoping, mentioned earlier -an animation style that uses drawings over live footage -but this is in reality a combination of Adobe Flash scenes and classic animation techniques (Ide, 2008; Sony Classics, 2008) . Folman by using the freedoms that animation provides to take the file into scenes that could not have been possible to shoot in the This opens up the tools and techniques used in the production process to complement the missing footage. Despite the documentary being mostly animated, the Folman's story was told undistracted and still impacting the audience. On the team the animator was Yoni Goodman, who produced the majority of the types of styles of vivid and stunning animation, sometimes hand-drawn, he did not obscure the main point of the story (Dawson, 2009) . First, each his drawing was sliced into hundreds of pieces that were moved in relation to one another in order to create the movement.
Then, the film was preliminary shot in a sound studio as a 90-minute video, which was then transferred to a storyboard. From there about 2300 original illustrations were drawn with respect to the the storyboard. All those illustrations, which together eventually formed the actual film scenes, were composed using the aforementioned Flash animation, classic animation, and other 3D
technologies (Zumberg, 2008) .
Interactive Documentary
Accompanied with the development of digital media and computer-based technologies, new forms of documentary are challenging the traditional ones everyday. Except the CGI documentary we discussed in previous section, interactive documentary is another new type directly related to interactive computer graphics (Angel, 2003) , which had been widely used in video game programming.
Only since the 21st century, interactive computer graphics has been slowly introduced to docu- of an archive which translates to a database and it's a film within a film. It was shot in three different cities, going global was obvious and the rhythm is very contemporary, there's no shot in the film longer than twenty seconds. It seemed like a perfect vehicle for global input and in keeping with Vertov's intentions as a filmmaker." (Stermitz, 2008) 3.2 Perception, Dimensionality, Interaction We would like to group these type of project developed by MIT research group (Glorianna Davenport Researchers, 2004) as 2D interactive documentary. Usually, there are some pre-filmed video footage and audience could decide which one to watch, and regroup them into different sequence in order to make their own stories according to their interests and point of view. This new "Evolving Documentary" will increase audience's interests to participate and interact with the film rather than being a viewer with no input.
3D
"Interactive Cinema" or "Interactive Fiction" are not very new terms, which are normally taken to be 3D computer games, typically of the adventure or quest type. The first interactive documentary,
The Unexplained, says FlagTower, has named this concept the Interactive Documentary, a title which reflects the televisual appeal of the style of production.
3D Interactive Documentary projects the interrelated sequence of moving images on a screen and give user a view of a word including agents, "props" and scenery, organized in one or more locations (Dankert and Willen, 2000) . In Dankert and Wille's project, they used a single computer screen as projection, others could apply 'Virtual Reality' to the production.
Another 3D interactive, but nonetheless should not be neglected. Needless to say, the stereoscopic shows can also be made interactive, and even more so in the future.
Future Work and Conclusion
According to the recent work by Landesman (Landesman, 2008) , the documentary film overall in the past years has been experiencing a notion of formal change from traditional "observation and omniscient narration" in terms of being less strict in the need to objectively portray the material.
More and more the documentary film has been embracing the paradigm switch to performance rather than recording of an observation, some subjective rather than objective aspects and even fiction; equally no longer requiring to be as certain and complete as possible in the argumentation in the film instead of just showing dry factual knowledge (Landesman, 2008) . CGI techniques are here to help with the emerging trends of documentary film concepts and production Landesman described.
Today, CG and animation are more advanced than traditional animation according to the interactive, physical based (mimicking live-action camera), more effective visual result, and less burden on the financial/budget concerns.
Additionally, in the past, the autobiographic documentary film type was often constrained to for film makers themselves only as the ones possessing the knowledge, resources, and equipment to do so. With the wider accessibility of digital content and high computing power these days, autobiographic documentaries are now accessible to virtually any household.
Furthermore, the notion of script writing in terms of screen writing -i.e. the writing for the film screen or television screen for the new genre of documentary films is an emerging, new research area requiring more work.
Moreover, teaching in the research and application of "CGI for documentary films" is also an important topic that is going to be inevitably introduced into the core of Film Studies for scholarly research and film production industry.
Position. I can not agree with those who deny the value and important role of computer graphics in documentary production. An extreme example of a such a point of view is William Moritz's:
"No animation film that is not non-objective and/or non-linear can really qualify as true animation, since the conventional linear representational story film has long since been far better done in live-action. (Moritz, 1988) In my opinion, CGI documentary is a unique form of documentary which not only gives the filmmakers and media artists enough space for the their creativity, but also bring audience a wonderful see are not a "reality show" but a creation and art of reconstruction. I believe this aspect is most precious "moral character" of animated documentary film, which is best element in evaluation of truth-value. Compared to traditional documentary film, the more realism of the reconstructed scenes to make the audience believe in it, the more misleading to the audience; the more increase of the realism in animated documentary, the more audience could appreciate the art value of the film, and review some of the historical events as if they were there.
It is not a coincidence that some hold similar position as I do.
"The relationship between reality, documentary and animation could therefore be described as 'creating the real'... if we can argue that live action documentary attempts to 'claim' the real by virtue of its immense mimetic potential, and the conventions of correspondence that have accrued to this mode of representation, then it is similarly persuasive to suggest that animated documentaries 'create'." (Ward, 2008) "Animation can be regarded as a genuine source of documentation, where new technologies, political stands, and economical status contribute greatly to its formation. Even if certain works are subjectively made to reinforce certain point of views they are still a product of their time where subconscious and conscious choices reveal a truth about its society." (Kininsberg, 2007) A Chinese proverb says, "A picture is worth thousands words." I think that is why some of the old silent film are still so powerful today. At some point the language becomes so plain and useless compared to the images. Some feel there is the need to use animation in their documentary film production, such as Morgan Spurlock (the director of Super Size Me), Chris Landreth (the director of Ryan), and Ari Folman (the director of Waltz with Bashir) who explain the reasons why their documentary films fully or partially contain computer generated graphics. Not only because they have to use this technique to fill in the gaps of missing footage, but also because they fell that is a freer and more proper way to meet their creativity. From the truth-value aspect, the CGI images are closer to the truth than "talking head" interview, especially reconstructed scene and not existing scene.
I believe CGI documentary is the future direction of documentary production. In the ancient times, human beings did not invent a camera yet, so the only way to capture the images was drawing.
As many years ago when we did not have the Internet and telephone, our only communication was by a regular mail delivered by a mailman. When we had no sources to do more, we had to stay with whatever techniques available. Today, now, the rapid development of technology, one can use all the available means to serve the creativity. Documentary production is not an exception. It has to adapt to the new challenges.
For the younger generation audience, who grow up with the Internet, mobile phones and different sorts of new and portable media, a slow pace with "talking head" type of documentary will simply be too boring for them.
For the older audience, if they accept the computer technology, they will adapt to the same way to new genre of documentary film. They will be aware that is the development of not only technology, but also of the whole society and mentality. They will understand that animated documentary is just another, perhaps more open, form of documentary film and animation is just another approach for the artists and filmmakers to create their projects.
It is my position (Song and Grogono, 2009b) that there inevitably will be a new "language"
for documentary, tools, and techniques, accessible to mass media. The process of script writing for formal documentaries is bound to change to account for the technological advances or entirely disappear for the mass media volume productions and autobiographical, ad-hoc, documentaries.
The use of webcasts, podcasts, interactive and Internet-based television, Youtube-worth of archival data combined with the use of a virtual camera, clipping, super-resolution techniques are already impacting the documentary production redefining the documentary landscape, what I'd call the docu-scape.
The human-computer interface (HCI) design, along with haptic (Wikipedia, 2008; Conti and Khatib, 2005) , devices allowing back propagation and physical feedback from the virtual to the real will enhance the interactivity of the future documentary adding a notch of physical touch to the interaction of the audience with the film's virtual fabric. Further introducing stereoscopic effects, and virtual and augmented realities might even make a feeling the the documented events, educational programs, and what not is happening like in the Matrix (Wachowski and Wachowski, 1999) or, at the very least, like 3D IMAX movies.
Interactivity, plus virtual and augmented realities, is definitively the future of documentaries.
Dynamic, physical-based real-time documentation of events, reports, logs, anything, as well as integrated simulations, can be put into a small device such as a holocron used by the Jedi or the
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Sith from the Star Wars, or the killed professor from I, Robot (Noel, 2004) to store the interactive knowledge and an image of themselves (they may not even open to everyone or wait for the right questions to be asked, like the police officer was trying to determine what happened to the dead professor in I, Robot, who pre-recorded his interactive hologram that was designed to answer the right questions). Such holocrons could be the future media in the not so distant future to record and document the events and the knowledge.
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